Background: Changes in the macrogeometry of dental implants are known to influence primary
| I NTR OD U CTI ON
Dental implants were introduced in the mid-1970s when Branemark and his colleagues discovered the process of osseointegration, which occurs between the bone tissue and the titanium surface. 1 Since then, implants have been widely used in unitary, partial, and total rehabilitations of the jaws, with success rates above 90%. 2 However, there are a number of factors that can cause failure of implant treatments, such as surgical and/or systemic complications, in addition to poor bone quality and density that may compromise the initial stability of the implant, which is a prerequisite for the success of osseointegration. 3, 4 The forces that occur at the implant-bone interface can promote micromovements in the implant and are the most damaging ones in the first moments of implant healing. 5 Furthermore, the primary stability of the implant also depends on the quality, density, and thickness of available cortical bone tissue at the surgical site. 6 When there is no amount of sufficient bone tissue for the treatment or when there is presence of severe bone atrophies, performing bone graft surgeries may be an option. However, to avoid such procedures, which may subject patients to multiple surgeries, smaller implants have been indicated. 7 Over time, with the decrease in implant size, the industry studies change in the geometric design of the implant, such as modifications to the platform, body, apex region, threads, and/or an increase in its platform diameter in relation to the body. These modifications are proposed with the intention of preventing early movement after placement and also to decrease the effect of harmful loads to the implant, increasing its bone-implant contact. 6 The primary stability of the implant is the result of its intimate contact with the bone walls. 8 This condition can be influenced by the macro-geometry of the implant, surface roughness, and surgical preparation. 9 Since the macro-geometry of a dental implant can influence the success of the treatment, many designs are proposed to improve the contact between the implant and bone tissue. 10 However, there is still no established consensus in the literature regarding different formats related to the geometry changes and implant designs with primary stability.
11
From the bioengineering point of view, it is extremely important to consider new implant designs in order to maximize its surface area in contact with bone tissue, thus providing greater ease of installation, better bone anchoring, and reduction of stress concentrations at the implant-bone interface. 12 In this context, recent studies have shown that in order to induce controlled compression forces in the cortical bone layer during implant insertion, a new hybrid auto-implant has been specifically designed for use in critical-quality bone, which combines the advantages of a conical implant with those of a cylindrical shape. 13 Considering the increase in the complexity of the cases in oral rehabilitations, modifications in the macro-geometry in implants should seek to favor their insertion, promoting the cut and bone compaction to increase their primary stability. 14 This is of extreme importance for regions where there is low bone height and quality, where implant interlocking can be compromised. 15 The development of implants with self-drilling apices plays the role of bone shear and compression and may influence the primary stability of the implant, favoring the success of the treatment. 13 To increase the primary stability and osseointegration of dental implants, new implant designs have been developed. Jo and Hobo 16 have shown that implants with their apical portion expanded through a screw can present success rates comparable to conventional implants.
Finite element studies were performed with these implants by Xiao and colleagues, 17 who concluded that the implant shape significantly influences the reduction of stress to the bone tissue. In addition, the expanded apical implant and a hybrid implant (conic-cylindrical) obtained a better pattern of force distributions for the bone tissue compared to the other conventional implant formats in finite element studies.
Different implant designs were also tested by some authors in vivo and in vitro, 12, 18, 19 to increase the surface area of the implant with the bone tissue. Lundgren and colleagues, 18 and Sivan-Gildor and colleagues, 12 developed "hollow" implants in their inner portion and both concluded that the greater contact of the implant with the bone surface favored the success rate of these implants. Meirelles and colleagues, 19 performed a modification at the apex of the implant creating a "chamber", and demonstrated in histological sections, the bone formation in this space in the period of 1 month in rabbits.
Therefore, the present work aims to study the mechanical behavior of geometric changes in the apex region in dental implants by means of The null hypothesis is that the new apex designs of the implants do not influence their insertion torque and primary stability.
| M A TE RI A LS AN D M ET HOD S

| Implants macrogeometry modifications
Thirty-five external hexagon cylindrical dental implants (Neodent) (4.1 3 15 mm length) were machined at the apical region to reproduce the experimental models: without apical cut (Ws) (n 5 9), bi-split apical cut (Bs) (n 5 9), tri-split apical cut (n 5 9) (Ts), and quadri-split apical cut (Qs) (n 5 8). The final diameter and length of the experimental models were (4.1 3 11 mm 2 ), respectively, and apical modifications are presented in Table 1 . The height and width of the apical crevice was Polyurethane artificial bone blocks (Nacional Ossos, São Paulo, Brazil) were used were used to assess the mechanical properties with 2 cm in all its dimensions and 0.32 g/cm 3 in density, resembling type III human bone.
| Drilling and insertion protocol
All blocks were prepared until a final drill diameter of 3.0 mm using a BLM 600 surgical electric motor (Driller, São Paulo, Brazil) adjusted to 1200 rpm and torque of 45 N. The electric motor was attached to a vertical milling machine (1000 N; Bio-Art Equipamentos Odontol ogicos Ltda, São Paulo, Brazil) to prevent angulation differences between the (control) and modified-geometry dental implants. Thereafter, the blocks were placed in a bench vise and with appropriate implant-mounts and insertion keys, the implants were inserted 9-mm deep into the blocks using a manual wrench (Neodent).
| Insertion torque and resonance frequency analysis
A TQ-680 digital torque meter (Instrutherm, São Paulo Brazil) was used to record the final 2.0-mm insertion torque of the implants into the bone blocks. Resonance frequency analysis was determined by implant 
| Statistical analysis
Data from insertion torque and resonance frequency were subjected to the Shapiro-Wilk normality test. Statistical significance was determined by 2-tailed One-way analysis of variance (One-way ANOVA) and Tukey's multiple comparison tests at the level of 5%. All statistics were performed using the Prism 5.0 software (GraphPad, La Jolla, California).
| R ESU L TS
The results of the test (ANOVA -one factor) showed that there were statistically significant differences between groups for insertion torque and primary stability (P < .001) (Tables 1 and 2 ), respectively.
For the insertion torque, the implants of group Qs and (control) obtained the highest mean, while for groups Wc, Bs, and Ts, the values were statistically similar. There is also statistical equality for the means obtained between groups Wc, Ts, and Qs (Table 2 and Figure 3 ).
For primary stability, the group Wc and (control) implants obtained the highest mean when compared to the other groups that registered statistically similar values. However, there is no significant difference between ISQ values for the Qs group and (control) (P < .05) ( Table 3 and Figure 4 ).
| D I SCUSSION
In the present study, cylindrical dental implants were structurally modified in their apex region, while one group was composed of Titamax Ti Neodent dental implants. The implants had the same dimensions, thread pitch and platform, differing only at their apex region. The implants were installed using the same drilling protocol and their insertion torque and primary stability were measured.
Implants that received modifications in the apex region showed satisfactory results according to the methodology used for the insertion torque and for primary stability. As a focus of the research, it was decided to formulate several apex geometries to the implants that were accessible and easily reproducible on an industrial scale, propositioning new implant geometries for the apex region. The aim of the present study was to verify the influence of these modifications under unfavorable conditions for installation of the implant, such as low bone density and absence of cortical bone tissue. 20 The cuts in the apex region of the Bs and Ts implants do not improved their drilling ability and their insertion compared to the control group which presented better results. However, the Qs implant presented insertion torque and ISQ values statistically equal to the Titamax implant (Tables 2 and 3 , Figures 3 and 4) . The Titamax Ti (control) implant had good cutting ability and easy insertion, in view of the fact that its engineering design is designed with blades at the apex, which facilitates its insertion and interlocking. The implants with cuts or self-taper have advantages over implants that do not have cuts in their apex region, since a smaller number of milling cutters is required for their installation, reducing thermal damage to bone tissue, making surgery easier and faster. 21 In addition, with less preparation during drilling, the amount of bone tissue viable in contact with the implant increases, favoring the osseointegration. 22 Regarding the insertion torque, we found that the Qs (16.19 N.cm) and (control) (18. There is a consensus in the literature that the greater the bone density at the surgical site, the greater the primary stability of the implant. 25, 26 Therefore, the low values of insertion torque and ISQ values for the implants due to the low density of the bone blocks used in the present study are plausible. Conversely, the low bone density and absence of cortical bone in the present study allowed us to better evaluate the mechanical imbrication created by the new apex designs. Low density blocks have a lower effect in the implant body and platform compared with higher density blocks. 20 Therefore, interlocking and primary stability depend less on the density of the bone block, where there's no cortical bone tissue.
According to Freitas and colleagues, 27 the influence of primary stability on implants is difficult to predict since the stability of the implant depends on several factors, such as insertion torque, bone density and the macro and micro-geometry of the implant. The best performance
for ISQ values of implant Wc and (control) can be explained due to its greater surface area in contact with the substrate, while in the other implants (Bs, Ts, and Qs), with the presence of notches, the material was cut and compacted in its cavities, as reported in a study by Valente and colleagues 3 Since implant Wc and (control) self-tapered does not have cuts in the apex region, the threads act more to expand the material by inflicting greater pressure, which does not occur with the other implants, which have slices at the apex, and allow cutting and compressing bone within the surgery site.
Wu and colleagues, 28 studied the insertion torque of cylindrical and tapered implants with notches in the apex region and related that the apex cuts facilitate insertion of the implant promoting bone shear and compaction. In the present study, all the implants presented a cylindrical shape with notches in the apex region that can favor implant installation and interlocking. In addition, different implant designs were also tested by some authors in vivo and in vitro 12, 18, 19 to increase the area of implant surface with the bone tissue. Lundgren and colleagues, 18 and Sivan-Gildor and colleagues, 12 developed "hollow" implants in their inner portion and both concluded that the greater contact of the implant with the bone surface favored the success rate of these implants. Meirelles and colleagues, 19 performed a modification at the apex of the implant creating a "chamber" inside, and demonstrated in histological sections, the bone formation in this space in a period of 1 month in rabbits.
Different designs of implants are available on the market providing the dentist with a wide variety of options for performing simple and complex rehabilitations. The development of new implant designs can significantly increase the primary stability of the implant, favoring bone healing, and increasing bone-implant contact. 29 Thus, changes in the geometry of implants should seek to increase the implant-bone contact surface area favoring the distribution of forces. Therefore, according to the aforementioned studies, the alterations developed at the apex of the implants in the present study may have a posterior biological advantage, considering its complete osseointegration process.
| CON CLU S I ON
With the limitations of the present study, it was possible to conclude that:
1. Geometric changes in implants in the apex region significantly influence their insertion torque and primary stability.
2. The proposed modifications for the apex region of implants Bs, Ts, and Qs need more further investigations to better understand yours advantages and disadvantages by aplication of this cuts in dental implants.
